The structure of 3(5)- [(4-diphenylphosphinoyl)phenyl]pyrazole has been determined by X-ray crystallography. The compound crystallizes from DMF as the 1H-3-substituted tautomer (monoclinic, space group P2 1 /c). The complete characterization by means of 13 C, 31 P and 15 N CPMAS NMR allowed us to confirm that at the solid state only such tautomer is found, with strong intermolecular hydrogen bonds between the pyrazole-NH donor and the phosphine oxide group acceptor. At 300 K in DMSO-d 6 solution, the two tautomers were detected in a ratio 3-tautomer versus 5-tautomer of 86:14. According to DFT calculations (B3LYP/6-31G** + ZPE), the 3-[(4-diphenylphosphinoyl)phenyl]-1H-pyrazole tautomer is more stable by about 3.8 kJ mol -1 .
Introduction
Our research on supramolecular architectures formed by NH-azoles in the solid state, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] and most particularly pyrazoles, [2] [3] [4] [5] [6] led us to try to establish several rules capable of predicting annular tautomerism, which nitrogen bears the proton, and the network formed by the intermolecular N-H···N hydrogen bonds.
Concerning tautomerism, we have found that in 3(5)-substituted pyrazoles alkyl groups prefer to occupy position 5 (tautomer b), while aryl groups seem to prefer position 3 (tautomer a). The secondary structure, resulting from the hydrogen bonds between molecules in the crystal, leads to the formation of dimers or tetramers in alkyl substituted pyrazoles and trimers or catemers for the aryl ones. In general the substituent at position 4 plays a minor role by pushing away the adjacent substituents (buttressing effect). 
Scheme 1
We have found a few number of exceptions: the 3(5)-(1-adamantyl)pyrazole (1) where the simultaneous presence of both tautomers a and b in the crystal gives rise to a catemer, 2 and the 3(5)-phenylpyrazole (2) where it is possible to isolate the two independent tautomers in the solid state, the most stable one 5-phenyl-1H-pyrazole (2b) forming a catemer of order 2, 5 and the 3-phenyl-1H-pyrazole (2a) hexamers. 6 In order to advance in the understanding of the problem, we decided to study the case of the 3(5)-[(4-diphenylphosphinoyl)phenyl]pyrazole (3) . 
Scheme 2
Pyrazoles bearing phosphorus substituents are uncommon and in most of them the P atom is directly linked to one of the pyrazole ring carbon atoms: C(4)-P(=O)R 2 , 11 C(4)-P(=O)(OEt) 2 , P coupling constants, similar to those reported for triarylphosphine oxides ( 3 J ortho = 11 Hz, 4 J meta = 2-3.5 Hz) 20 were not determined due to the complexity of the aromatic part. For the minor tautomer 3b only the signal at 7.83 (bs, H3) could be clearly observed, besides the aforementioned NH signal at 13.50 ppm. 22 The only remarkable result was the observation of two 8. 
X-Ray crystal and molecular structure
The values of the bond lengths and positions of the H atoms found by X-ray diffraction study indicate that in solid state the compound 3 exist as 3a (Fig. 2 ). In the crystal structure the molecules 3a form an infinite chain by N(2)-H(2N)···O (1) 
Theoretical calculations
Both tautomers of 3 (5)-[(4-diphenylphosphinoyl)phenyl]pyrazole (3) have been fully optimized and characterized as minima (no imaginary frequencies) using different theoretical approaches (Table 1) . 5 We have measured the equilibrium constant of 2 in DMSO-d 6 and found a 70/30 ratio of tautomers a/b. Therefore, the para substitution has slightly increased the percentage of the 3-substituted tautomer, probably due to its electron withdrawing effect. The model for the secondary structure in crystals of NH-pyrazoles was established for NHpyrazoles lacking better hydrogen bond acceptors (HBA) than N-2. 1 In the case of 3 there is a strong HB between N1-H1 and O=P leading to catemers. It is well known that the phosphine oxides are excellent HBA.
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Experimental Section General Procedures. The starting material, 4-(diphenylphosphino)acetophenone, was prepared by the literature method. 27 It was converted to 3(5)-(4-diphenylphosphine)pyrazole by the method used for converting acetophenone to 3(5)-phenylpyrazole. 28 The have been obtained on a Bruker WB 400 spectrometer at 300 K using a 4 mm DVT probehead. Samples were carefully packed in a 4-mm diameter cylindrical zirconia rotors with Kel-F endcaps and the standard CPMAS with the TPPM decoupling pulse sequence was used. 13 
X-Ray crystallography
A summary of the crystal data, data collection and refinement procedures is given in Table 2 . Data were collected with a Bruker SMART APEX CCD diffractometer using graphitemonochromated MoK α -radiation (λ= 0.7173 Å). Crystals were obtained from dimethylformamide and mounted with Paratone N mineral oil on a diffractometer in the cold stream. Corrections for absorption were applied using SADABS. The structure was solved by direct methods. All non-hydrogen atoms were refined with anisotropic thermal parameters, and the positions of the H atoms were found on the F-map and refined. 
Theoretical calculations
The optimization of the structures of the two tautomers was carried out at the different levels: semiempirical AM1, ab initio Hartree Fock (HF/6-31G* and HF/6-31G**) and density functional (B3LYP/6-31G**), as shown in Table 1 , by using the Windows Titan 1.0.5 package from Wavefunction Inc.
